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Background: Tumour necrosis factor a (TNFa) antagonists are effective for the treatment of rheumatoid
arthritis (RA), but concerns remain about the safety of these agents in the presence of chronic infections,
including hepatitis C virus (HCV) infection.
Objective: To examine the influence of treatment with TNFa antagonists on levels of HCV viraemia and
serum transaminases in patients with RA and HCV.
Methods: In a retrospective survey the course of 16 HCV infected patients with RA who had received the
TNFa antagonists etanercept or infliximab was analysed. Eight additional patients with RA and HCV were
also enrolled into a three month prospective trial of etanercept. Serum concentrations of albumin, alkaline
phosphatase, aspartate aminotransferase, alanine aminotransferase, and HCV were followed.
Results: Viraemia was measured in 22 patients receiving a TNFa antagonist at the start of treatment and
after 1–34 months (median 9 months follow up). Twenty four patients had serial tests of liver related
enzymes and albumin. None of the differences between liver related tests at baseline and at follow up
achieved significance (p.0.05). Similarly, the mean HCV measurement at 1–3, 4–6, 7–12, and 13–
34 months did not differ significantly from baseline (p.0.05).
Conclusion: In this study, liver related blood tests and HCV viral load measurements did not change
substantially. These findings suggest that TNFa antagonists merit further study for the treatment of RA in
HCV infected patients. Larger and longer term studies are still needed.

C
hronic hepatitis C virus (HCV) infection is present in
about 1.8% of the American population and appears to
affect a similar percentage of patients with rheumatoid

arthritis (RA).1–4 The potential hepatotoxicity of many drugs
used to treat rheumatoid disease raises special concerns in
those rheumatoid patients who are also infected with
hepatitis virus.3 5 Because the tumour necrosis factor a
(TNFa) antagonists have no known liver toxicity, they
represent an attractive treatment option for such patients;
however, the effect of TNFa blockade on chronic HCV
infection is unknown. We investigated the influence of
TNFa antagonists on liver function and viral load to assess
the safety of these drugs in patients with RA and chronic,
stable HCV infection. Both retrospective and prospective
studies are reported here.

Without treatment, viral loads are known to fluctuate
significantly in some cases. Changing levels of viraemia
during TNFa blockade must therefore be compared with the
expected rate of spontaneous variation. To do so, we
compared our findings with those of Arase et al who followed
HCV serial viral loads in a large cohort, and found that 71%
had a less than fivefold variation, 22% showed fluctuation
varying between five and 10-fold, and 7% had fluctuations
varying over 10-fold.6 We therefore chose to classify the
proportion of our cases with viral load changes ,5-fold, 5–
10-fold, and .10-fold, in order to compare our data with
those of Arase et al.

PATIENTS AND METHODS
Retrospective study
A search was conducted through our university medical
centre database to identify patients with both RA and HCV.
Additionally, rheumatologists in Washington State were
asked to complete a data form for any HCV infected patients

with RA in their practice who were treated with TNFa
antagonists. Values for HCV viral load and serum liver related
tests (LRTs: aspartate aminotransferase (AST), alanine
aminotransferase (ALT), alkaline phosphatase, and albumin)
were recorded for patients before TNFa blockade, and at
various times after the start of treatment. Patient age, sex,
alcohol consumption, current disease modifying antirheu-
matic drug (DMARD) treatment, non-steroidal anti-inflam-
matory drug (NSAID) use, x ray confirmation of erosive
disease, and method of HCV measurement were recorded.
Viral loads were measured by either polymerase chain
reaction (PCR) or branch chain assays, with the same
method consistently used in all but one case. In that single
case, the more sensitive PCR method found no detectable
viral equivalents on two occasions, whereas the less sensitive
branch chain method quantified viral particle equivalents at
another time point. Three different laboratories measured
viral loads, with 18/22 cases analysed at the University of
Washington Department of Laboratory Medicine. During the
study, the units for reporting HCV viral loads changed from
‘‘equivalents/ml’’ to ‘‘IU/ml’’. A multiplication factor of 6.3
was applied to IU numbers to convert to ‘‘equivalents/ml’’
and all values were then converted to log 10 for analysis.
Because six different laboratories contributed LRT data, we
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chose to convert the data to a percentage of the upper limit of
normal for each test in each laboratory to provide comparable
values. All viral load testing was done on fresh specimens,
without prolonged storage.

Prospective study
Patients with active RA and concurrent HCV who had never
received TNFa antagonists were invited to participate in a
four month prospective study. Eligible patients were at least
18 years of age and had chronic stable HCV infection
(defined as the absence of clinical evidence of decompensated
liver disease, and/or a liver biopsy showing no cirrhosis) and
normal albumin, normal prothrombin time (PT) and partial
thromboplastin time (PTT). All patients met the American
College of Rheumatology (ACR) criteria for RA,7 were in
functional class I, II, or III,8 and had been receiving their
current antirheumatic drugs for three months or more.
Concomitant treatment with stable doses of oral corticoster-
oids and/or NSAIDs was permitted, but corticosteroid doses
could not exceed the equivalent of 10 mg of prednisone a
day, and NSAID doses could not exceed the maximum
recommended dose. Intra-articular corticosteroids were not
permitted during the study or for four weeks before
enrolment. Patients taking interferon alfa and/or ribavirin
within the prior six months were not accepted. No patient
was enrolled who was HIV positive, had current bacterial
infection, was pregnant, or had alcohol consumption greater
than 90 ml (3 ounces) a day over the previous six months.

At enrolment, patients had complete blood count, serum
albumin, AST, ALT, gamma glutamyl transpeptidase, rheu-
matoid factor, erythrocyte sedimentation rate (ESR), C
reactive protein (CRP), PT, PTT, and quantitative HCV by
branch chain signal amplification test (Chiron). If the HCV
branch chain assay was negative, a more sensitive, quanti-
tative PCR assay was used to quantify viral load. These
laboratory tests were repeated 2–4 weeks later, as a second
baseline data point, before starting etanercept. All viral load
testing was done on fresh specimens, without prolonged
storage. The etanercept dosage was 25 mg given twice weekly
by subcutaneous injection. Patients returned at monthly
intervals for four months. At the week 12 visit, the patients
were asked to stop etanercept until the week 16 visit when
they restarted if the patient and doctor agreed it had been
beneficial. A standard Health Assessment Questionnaire
(HAQ), doctor and patient global disease activity visual
analogue scale, the before-mentioned blood tests, and tender
and swollen joint counts were performed at each visit. ACR
criteria for response to treatment of RA were used to assess
efficacy.9

HCV viral loads were expressed as log 10 of viral
equivalents/ml. Average values are expressed as arithmetic
means (SD). Comparisons of differences between mean
values were performed by paired t tests using Microsoft
Excel (Redmond, WA). Not all patients were tested at all time
points or ranges, therefore data from a particular time range
were compared only with the baseline data from those same
patients. Power calculations were performed using a statis-
tical power software package (PS, Dupont WD, Plummer WD,
Vanderbilt University, 1997, version 1.0.15, http://
www.mc.vanderbilt.edu/prevmed/ps), and a sample size of
seven was calculated to detect clinically significant differ-
ences in mean transaminases and mean viral loads with a
power of 80%, using paired t tests. Statistical calculations
were performed with Excel (Microsoft, Redmond, WA).
Differences were interpreted as significant at p,0.05, with-
out adjustment for multiple comparisons. For comparisons of
changes in liver tests and viral loads over time, paired two
tailed t tests were performed comparing each patient with

their own baseline result. Changes in HCV viral loads were
converted to log values before statistical analyses.

Informed consent to participate in this study was obtained
for all prospective patients. Both retrospective and prospec-
tive portions of the study were reviewed and approved by our
institutional review board (Human Subjects Committee)
before any data collection.

RESULTS
Data were available for 24 cases (16 retrospective, 8
prospective; 21 etanercept, 3 infliximab) using TNFa antago-
nists for at least two months. The patients in the study (13
men, 11 women) had a mean age of 50 (range of 38–60).
Most of the patients had longstanding disease, with over
five years since the diagnosis of RA for 16 patients, and over
five years from the time of diagnosis of HCV for 13. No
patient had either RA or HCV diagnosed within one year
before the study, and the diagnoses had been established
between one and two years before the study for only one
patient with RA and two patients with HCV. Seventeen
patients used NSAIDs. Of the patients studied retrospectively,
10 were receiving multiple DMARDs and four were taking
methotrexate (MTX), including one of those using MTX in
combination with hydroxychloroquine. No patient drank
alcohol in excess of 90 ml (3 ounces) a day and 15 did not
drink alcohol. All but one patient had erosions on plain
radiographs.

Twenty two patients had at least one baseline viral load
measured before starting TNFa antagonist treatment, and
additional viral measurements were available at 1–34 months
during TNFa antagonist treatment. The median follow up
was nine months. HCV measurement was not performed at
consistent times in the retrospective study. There were no
significant differences between the mean viral loads at
baseline and at 1–3, 4–6, 7–12, or 12–34 months (table 1).
Sixteen subjects showed a decrease in the viral load from the
first to the last measurement available, whereas the load
increased in 6/22 (p = 0.052 by binomial distribution).
Among all patients, the mean ratio of the log of the viral
load at the end of treatment compared with the baseline log
value was 0.98 (0.10).

Among the eight patients enrolled in the prospective study,
the viral load decreased in seven while taking etanercept.
Between the baseline studies and the end of the three
months taking the drug, the log viral load fell from an
average of 6.779 (0.595) (median 6.819) to 6.500 (0.395)
(median 6.459), a difference that was not significant. Two
patients with substantial clinical improvement in RA while
taking etanercept asked to be removed from the formal study
after three months in order to continue taking the drug
without the planned withdrawal period. Another was lost to
follow up after three months. For the remaining five patients,
the mean log of the HCV viral load did not change
significantly between the third month (with etanercept,
mean of log viral load 6.65 (0.28)) and the fourth month

Table 1 HCV measurement in patients while receiving
TNFa antagonists

Time Mean (SD) log viral load

Baseline (n = 22) 6.476 (0.726)
1–3 Months (n = 19) 6.032 (1.613)
4–6 Months (n = 4) 5.945 (0.477)
7–12 Months (n = 8) 6.041 (0.551)
13–34 Months (n = 8) 5.402 (2.098)

Mean (SD) of the log of the viral load, in virus particle equivalents/ml.
n = number of cases with data available at the selected time.
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(measured after four weeks without the drug, mean log 6.29
(0.96), p = 0.14).

Of the 22 patients with repeated HCV measurement, 10
(45%) had a one- to fivefold difference between the
maximum and minimum values, 7 (32%) had a five- to 10-
fold change, and 5 (23%) had .10-fold change (fig 1). This
distribution was significantly different (p,0.005 by x2 test)
from the corresponding values of 71%, 22%, and 7%,
respectively, for 1–5 fold, 5–10 fold, and .10-fold sponta-
neous fluctuation in viral loads observed by Arase et al.6 Of
the seven cases with 5–10-fold changes in viral load, the
maximum value was observed while taking a TNFa antago-
nist in two cases, and while not taking the drug in five cases.
Among the five cases with a .10 fold difference between the
maximum and minimum values, the maximum value was
seen while not taking a TNFa antagonist in two cases and
while taking the drug in three cases. (In one of the latter
cases, both the maximum and the minimum values were
seen while taking etanercept.)

Serum tests in the 24 cases showed no significant changes
in albumin, alkaline phosphatase, AST, or ALT between
baseline and 1–3, 4–6, 7–12, and 13–34 month observation
periods (p = 0.18–1.0) (table 2). No subject was considered to
have a clinically significant change in LRT, and none of the
values increased more than twofold (preset as a criterion of
potential toxicity for safety monitoring in the prospective
trial). The serum albumin showed no trends over the course
of the study, but for one case hypoalbuminaemia at baseline
(albumin = 27 g/l) increased to 32 g/l after taking etanercept
for three months.

The primary purpose of this study was to seek evidence of
worsening hepatitis or increased viraemia, or both, when
patients were receiving TNFa antagonists, but assessment of
efficacy was also performed in the prospective study.
Improvements were consistent with previous studies of the
efficacy of etanercept in patients with RA without HCV
infection. ACR20 was achieved in seven of eight patients,
ACR50 in five, and ACR70 in three. The mean HAQ score
decreased from 13.8 at baseline to 6.5 at three months
(p,0.01). The mean patient global assessment decreased
from 51.5 to 31.6 (p,0.05), and the mean doctor’s global
assessment decreased from 55.5 to 27.3 (p,0.01). The mean
joint count decreased from 21.2 to 10.3 ((p,0.01) at three
months.

The ESR was recorded at baseline and at the end of the
data collection period for 13 cases, including all patients
studied prospectively and five retrospectively, and fell from
25.2 to 18.2 mm/1st h (p,0.05). Baseline and end point
measurements of CRP were also available for 13 cases, and
fell from 8.6 mg/l to 4.8 mg/l, a decrease that did not reach
significance (p = 0.07).

DISCUSSION
Treatment of patients with coexisting RA and HCV poses a
difficult therapeutic challenge because of the risk that the
treatment of RA will aggravate hepatitis and increase
viraemia. Many DMARDs, including MTX and leflunomide,
have the potential for hepatotoxicity, and drugs that are less
hepatotoxic may not be adequate to control severe rheuma-
toid disease.3 Corticosteroids are a worrisome alternative
because high dose methylprednisolone has been shown to
increase the HCV viral load up to 100-fold10 and lower doses
may cause a more modest increase in levels of HCV
viraemia.11–13

Aggressive immunosuppression, as seen after organ trans-
plantation, frequently leads to high levels of HCV viraemia in
association with exacerbation of hepatitis and a rapidly
progressive form of HCV infection.14 15 Higher HCV viral loads
have been seen in association with worsening liver histo-
pathology,10 16 including rapid progression to cirrhosis and
end stage liver disease.17 18 Patients coinfected with HIV and
HCV are another group in which immunosuppression is
associated with accelerated progression of liver damage and
worse prognosis.19

TNFa antagonists are effective in the treatment of RA and
have no known direct liver toxicity. Although there are
concerns about their potential for exacerbation of infec-

Figure 1 Measurement of plasma viraemia before and after starting TNFa antagonists. A TNFa antagonist was started at time = 0. Data from cases
with (A) ,5-fold; (B) 5-10-fold; (C) .10-fold change between maximum and minimum level of plasma viraemia. For one case, plasma viraemia was
present at the beginning of the study and at the end of follow up, but undetectable (signified by the asterisk *) at one and three months after starting
etanercept. Overall, no significant change was seen in the average levels of viraemia while taking TNFa antagonists.

Table 2 Liver enzyme tests in patients receiving TNFa
antagonists

Time AP AST ALT

Baseline (n = 24) 86 (72) [65] 121 (110) [69] 122 (96) [78]
1–3 Months (n = 22) 69 (35) [58] 105 (71) [80] 129 (99) [94]
4–6 Months (n = 9) 97 (47) [59] 70 (69) [77] 77 (79) [80]
7–12 Months (n = 9) 76 (45) [63] 93 (56) [78] 106 (100) [82]
13–34 Months
(n = 12)

79 (47) [69] 100 (109) [70] 99 (100) [77]

Mean (SD) [median]. Expressed as the percentage of the upper limit of
normal for each test in the laboratory used for measurement. n = number
of cases with data available at the selected time.
AP, alkaline phosphatase; AST, aspartate aminotransferase; ALT, alanine
aminotransferase.
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tions,20 21 including reactivation of tuberculosis,22 the effect of
TNFa antagonists on the course of HCV infection is not
established. We are aware of two case reports in which
infliximab was used in patients with HCV infection and
Crohn’s disease, and in those cases infliximab treatment was
not associated with progression of HCV viraemia or worsen-
ing hepatitis.23 24 In our series of 24 patients, liver function
tests and HCV viral load did not worsen over the median of
nine months (range 2–34) that patients were followed up.
This lack of change in viral load and transaminases is in
contrast with the changes commonly seen in heavily
immunosuppressed HCV patients after organ transplanta-
tion, a finding that suggests that TNFa antagonists, when
used at recommended doses, do not accelerate HCV infection.
Because of the small number of cases, our data do not allow
us to examine the influence of infliximab and etanercept
separately.

Liver biopsy is considered the standard for assessing
changes in activity of HCV hepatitis. Baseline liver biopsy
specimens were obtained in some of our patients, but serial
biopsies were not performed because of potential morbidity,
expense, and insensitivity to change over the short term. We
acknowledge the lack of serial liver biopsy information as a
limitation of our study. Nevertheless, serum concentrations
of transaminases and other LRTs provide substantial indirect
information about the condition of the liver in HCV infection,
particularly in response to immunosuppression. Serum
transaminases and levels of viraemia rise rapidly as hepatitis
recurs in immunosuppressed patients after organ transplan-
tation.10 26–28 Consistently normal levels of transaminases, as
seen in the large majority of our patients, are associated with
less progression of liver disease either with or without
immunosuppression.29 Conversely, raised or rising transami-
nases are associated with increased pathological changes in
liver histology.30–33 Furthermore, liver biopsies themselves can
have substantial problems with interpretation and lack of
homogeneity, including varied histology and viral loads at
different sites within the same liver.25

Although there were no significant changes in mean viral
load, substantial variation occurred in a few subjects. Such
changes may, in part, reflect analytical variation in viral
measurement, estimated at 0.31 log (twofold) change using
the branch chain DNA assay,17 and spontaneous biological
fluctuation. Arase et al followed monthly HCV viral loads over
a two year period in 212 patients and found that 71% had
nearly constant viral titres (variation between one- and
fivefold), 22% had slight fluctuation (between five and 10-
fold), and 7% had large fluctuation (.10-fold).6 A signifi-
cantly greater proportion of our cases had larger fluctuations,
with 32% having a 5–10 fold change, and 23% demonstrating
a .10-fold change in levels of plasma viraemia. In three of
the five cases with a .10-fold change in viraemia, the lowest
level occurred while the patient was taking TNFa antagonists.
In neither of the two cases with a large increase in viral loads
was there a corresponding increase in LRTs associated with
the increased viraemia, and the doctors caring for those
patients did not discontinue the TNFa antagonists. The
increases seen in those two cases might be due to chance
alone, as observed in the studies of Arase et al or might reflect
susceptibility for exacerbation of HCV viraemia caused by
TNFa antagonism in those particular cases. The lack of
significant overall increase in mean viral load during TNFa
blockade suggests that TNFa is not critical for suppressing
HCV infection in most cases. Nevertheless, the potential for
increase in HCV RNA levels in a minority of cases leads us to
recommend monitoring HCV quantitative viraemia in
patients receiving TNFa antagonists, and to consider dis-
continuing TNFa antagonists in selected cases with substan-
tially rising levels of viraemia.

The role of TNFa and TNFa antagonists in modulating
infections remains unclear.34 Infliximab is associated with
increased risk of exacerbations of mycobacterial infections.22

This finding may be explained by experimental observations
indicating that granuloma formation and intracellular killing
of mycobacteria depends on TNFa.35 36 TNFa antagonists used
to treat bacterial sepsis do not improve mortality of the sepsis
syndrome, and one large study reported a dose dependent
increase in mortality associated with TNFa antagonists,37

suggesting that TNFa antagonists may exacerbate at least
some bacterial infections. The role of TNFa in viral infections
is also complex and divergent. In experimental animals,
TNFa may either retard or promote viral infections, depend-
ing on the particular experimental model and virus.38 HCV
may enhance TNF induced hepatic cell necrosis, thereby
contributing to liver damage.39 Clinical studies of TNFa
antagonists in HIV infection have demonstrated no change in
HIV quantitative viraemia.40 In an illustrative case report, a
patient with HIV related psoriatic arthritis treated with
etanercept showed no flare in HIV viraemia, but had severe
bacterial infections, possibly due to etanercept.41 Thus, the
data available suggest that chronic viral infections such as
HIV and HCV may not be a contraindication to TNFa
antagonist treatment, but there may be a risk of exacerbation
of certain bacterial infections. Importantly, in our study TNFa
blockade did not significantly change the mean LRT
concentrations or viral loads in chronically HCV infected
patients with RA. Long term and larger studies are needed to
extend and confirm our results, but the short term data are
reassuring and suggest that use of TNFa blockade in patients
with RA with chronic, stable HCV infection merits further
study.
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